Addition of unsaturated long-chain fatty acids to tryptose broth improved growth of Mycoplasma laidlawii and induced the formation of very long and highly branched filaments by this organism. Most filaments were composed of small coccoid bodies. The saturated long-chain fatty acids, in a similar concentration, did not produce this effect; palmitic and stearic acids inhibited growth. Similar, but less striking results were obtained with M . galliseptieum and Mycoplasma sp. strain 14. The possibility that the morphological variations reflect changes in the lipid composition of the cell membrane is discussed.
INTRODUCTION

Several mycoplasma species including
Since practically all mycoplasma lipids are part of the cell membrane (Razin, Argaman & Avigan, 1963) it is evident that the long-chain fatty acids are important constituents of this structure. Growth of M . mycoides var. mycoides in a medium deficient in essential long-chain fatty acids was accompanied by profound morphological changes in the cells, reflecting apparently defective biosynthesis of the limiting cell membrane (Rodwell & Abbot, 1961) .
The dependence of biosynthesis of membrane lipids on an external supply of longchain fatty acids prompted us to investigate the possibility of changing the fatty acid composition of the membrane by varying the fatty acid composition of the growth medium. The method chosen to approach this problem consisted of adding increasing amounts of one long-chain fatty acid at a time to the growth medium and observe its effects on cell morphology, osmotic fragility and fatty acid composition of membrane lipids. This report describes the morphological changes occurring in mycoplasma cells grown in the presence of various long-chain fatty Growth conditions. The basal growth medium was tryptose broth consisting of (g./l.) : Bacto-tryptose, 20 ; sodium chloride, 5 ; tris (2-amino-2-hydroxymethylpropane-1, s-diol), 5 ; glucose, 7. The pH value of the medium was 8.2-8-4 without adjustment. The medium was supplemented with 4 g. lipid-extracted bovine albumin, fraction V (Calbiochem, Los Angeles, U.S.A.)/l. The albumin was extracted with acetone as described by Razin & Rottem (1963). The saprophytic Mycoplasrna laidlawii could grow well in this medium after an adaptation period of 10-20 daily transfers in the medium. The parasitic M . gallisepticurn and the goat strain could not grow in this medium unless supplemented with Bacto-PPLO serum fraction in a final concentration of 1 yo (v/v) . Experiments to replace the need for PPLO serum fraction with mixtures of cholesterol and long-chain fatty acids failed to yield satisfactory growth of the two parasitic strains.
Long-chain fatty acids were added to the growth medium in ethanolic solution. The concentration of ethanol in the medium never exceeded 0.5y0 (v/v) . The presence of lipid-extracted albumin in the medium enabled growth of Mycoplasma with rather high concentrations of fatty acids. Growth was usually done in 100 ml. quantities of medium dispensed in 200 ml. screw-capped bottles. Each bottle received 5 ml. of a 24 hr culture in the medium with no fatty acids added. The bottles were incubated statically at 37" for 24 hr or longer and samples were taken for microscopic examinations. Variations in mycoplama morphology 141 tion was 625. Prints were made on Kodabromide (F-3) paper to a final magnification of 1250, 2700 or 3850.
Assessment
RESULTS
Mycoplasrna laidlawii. Growth of M . laidlawii in the tryptose medium was characterized by a steep decline phase involving lysis of the organisms within 48-72 hr incubation a t 37". Addition of increasing concentrations of oleic acid to this medium improved growth and lengthened the decline phase. The concentration of oleic acid giving optimal growth was about 50 ,ug./ml. ; higher concentrations decreased growth. Growth promotion was also shown with the other unsaturated fatty acids linoleic acid and linolenic acid, and to a lesser extent with arachidonic acid (Table 1) . While lauric acid promoted growth, the other saturated long-chain fatty acids inhibited growth; the growth-inhibitory effect increased with the increase in the chain length ( Table 1) . The different effects of the long-chain fatty acids on the growth of Mycoplasma laidlawii were also expressed by profound morphological variations in the organisms. M . laidlawii grown in the tryptose medium with no fatty acid added appeared as spherical bodies, either single, in pairs or arranged in short, frequently branching chains (Pl. 1, fig. 1 ). Addition of any one of the four unsaturated fatty acids caused the organisms to grow as long and branched filaments. Most filaments were composed of small spheres (Pl. 1, fig. 3 ). In many cases microcolonies, composed of entangled filaments, were formed in the liquid culture (Pl. 2, fig. 4 ). In small microcolonies the filaments were seen to originate from a central region (PI. 2, fig. 5 ). The dimensions of the organisms were very variable, especially of those appearing singly or in pairs. The diameter of many of these organisms, as measured on the photomicrographs, was 04--0.7 p, whilzthe thickness of the filaments was usually more constant, averaging 0.35 p. Growth of M . laidlawii in the presence of 50 pg./ml. of any of the saturated long-chain fatty acids was characterized by very few filaments ; most organisms appeared either singly, in pairs or in very short chains (Pl. 1, fig. 2; P1.2, fig. 6 ). The organisms, especially those grown with palmitic or stearic acid, were bigger than those grown with the unsaturated fatty acids, many reaching a diameter of 1 p.
Mycoplasma gallisepticum. This mycoplasma could not grow in tryptose broth without PPLO serum fraction, even when cholesterol was supplied to the medium. (PI. 8, fig. 7) . The organisms were usually smaller than those of M . laidlawii. The width of the bacillary forms averaged 0.3 p Addition of oleic acid to the growth medium caused the appearance of some short and branched filaments (Pl. 3, fig. 8 ), but the phenomenon was much less pronounced than with M . Zaidlawii. Addition of 25-50 pg. oleic acid/ml. to the tryptose broth increased the growth of M . gallisepticum by about 30% as measured by increase in cell protein. Palmitic acid, when added to the medium, decreased growth by 28 yo at a level of 50pg./ml. and by 66 Yo at a level of lOOfig./ml.
Organisms grown in the presence of 50 pg. palmitic acid/ml. were usually spherical and bigger than those grown without the addition of fatty acids (Pl. 3, fig. 9 ). It is of importance to notice in this photomicrograph the growth of M . galliseptieurn in short branched chains of cocci.
Mycoplasma sp. strain 14 (goat strain). As with M . gallisepticum, the goat strain required the addition of PPLO serum fraction to the tryptose medium. This strain showed a tendency to form short and branching filaments without the addition of unsaturated fatty acids to the medium (Pl. 4, fig. lo) . However, filamentation was more pronounced when oleic acid was added to the medium to a final concentration of 50,ug./ml. Addition of palmitic acid to the growth medium in the same concentration decreased growth very markedly, the organisms appeared either singly or in pairs and their diameter was larger than that of organisms growing with oleic acid. A striking difference between organisms grown with or without the addition of oleic acid was seen after incubation of the cultures for 48 hr at 87'. The culture growing in the presence of added oleic acid showed intense filamentation. The thickness of the filaments was about 0-3-0.4 p (Pl. 4, fig. 11 ). The organisms grown without the addition of oleic acid were very swollen and distorted, many appearing as empty ghosts (Pl. 4, fig. 12 ).
DISCUSSION
Growth of Mycoplasma laidlawii in long and branched filaments resembles very much that of the type species M . rnycoides var. rnycoides (Edward & Freundt, 1956 1960) states that branching filaments are very seldom seen in M . Zaidlawii strains, and when they are found they are artifacts of the microscopic procedure. Weibull & Lundin (1963), using phase-contrast microscopy, could not see filaments in M . ZaidZawii under conditions which enabled filamentation in human mycoplasma strains. Even the electron micrographs presented by Freundt (1960) to prove his point that M . laidlawii does produce filaments are not too convincing, because at least some of the very thin filaments (less than 0.1 , u in width) might be the result of cell destruction occurring during the drastic treatment of drying and fixation for electron microscopy. Our observations leave no doubt that M . laidlawii is capable of growing in long and branching filaments. The technique used, phasecontrast microscopy, does not involve any pre-treatment of the extremely plastic organisms. The photographs were taken just when the organisms and filaments settled
Variations in rnycoplasrrux morphology 143 on the slide. The images obtained in the photomicrographs corresponded closely to those seen moving freely in the liquid. Formation of filaments by mycoplasma is at least in part a function of the amount of unsaturated fatty acids in the growth medium. This has been already shown for Mycoplasma mycoides var. mycoides (Rodwell & Abbot, 1961) . Cholesterol has apparently no role in filament formation in M . laidlawii, because in our experiments this organism was grown in a medium with no PPLO serum fraction and the organisms contained negligible amounts of cholesterol (Razin & Cleverdon, 1965) . The dependence of filament formation on constituents of the growth medium should be kept in mind when using this property as a taxonomic criterion. The use of different media by various authors may explain the divergent views about filament formation by M . laidlawii.
The effects of long-chain fatty acids on morphology of Mycoplasma gallisepticum and the goat mycoplasma were less striking than with M . laidlawii. This might be due to the presence of 1 yo (v/v) of PPLO serum fraction in the growth medium for the parasitic strains. The variety of fatty acids in this component may have masked the effects of the unsaturated fatty acids added. However, our preliminary observations indicate that basically the mode of multiplication of M . gallisepticum resembles that of other mycoplasma, and short branching filaments can be formed by this organism, The goat strain, which seems to be related to M . mycoides var. capri (Razin, unpublished results), produces longer and more branching filaments when oleic acid is added to the growth medium. Moreover, the organisms grown with oleic acid do not show the rapid degeneration and lysis typical for the rapid decline phase of this organism grown in the presence of 1 yo PPLO serum fraction alone.
Inhibition of filament formation and growth by the saturated fatty acids may be caused by interference by these acids, supplied to the medium in excess, with the incorporation of the essential unsaturated fatty acids by the organisms. The need for a proper balance of fatty acids in growth media for mycoplasma and other micro-organisms has been stressed (Shorb & Lund, 1959; Rodwell & Abbot, 1961) .
The interpretation of the present morphological observations must depend on chemical and consequently physical alterations in the mycoplasma membrane. Preliminary findings in our laboratory show that the morphological variations are accompanied by changes in osmotic fragility of the organisms indicating variations in membrane elasticity. Other observations indicate a difference in the fatty acid composition of membrane lipids of mycoplasma grown with different fatty acids. It is hoped that with the accumulation of more data an interpretation relating the morphological variations with changes in membrane composition can be postulated. 
PLATE 4
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